Detection of endocarditis-associated perivalvular abscesses by two-dimensional echocardiography  by Ellis, Stephen G. et al.
JACC Vol. 5, No.3
March 1985:647-53
Detection of Endocarditis-Associated Perivalvular Abscesses by
Two-Dimensional Echocardiography
STEPHEN G. ELLIS, MD, JAMES GOLDSTEIN, MD,* RICHARD L. POPP, MD, FACC
Stanford and San Jose, California
647
The development of a perivalvular abscess as a compli-
cation of infective endocarditis adds appreciably to the
expected morbidity and mortality of patients, but such
abscessesare seldom recognized by available noninvasive
techniques. Therefore, two-dimensional echocardio-
graphic findings in 22 patients with perivalvular abscess
found at surgery or necropsy were compared with those
in 24patients without abscessin a retrospectivebut blinded
study. Forty-six valves were examined (31 aortic and 15
mitral, 35 prosthetic and 11 native); 4.0 ± 2.4 days
(range 0 to 7) elapsed between echocardiography and
surgery or necropsy.
Patients with perivalvular abscess had a somewhat
higher incidence of serious complications (emergency re-
peat valve replacement or death) than did patients with
endocarditis alone (63 versus 35%, respectively, p <
0.05). No single echocardiographic finding was fre-
quently seen with a perivalvular abscess. A "typical"
echo-free abscess was noted in only one patient; however,
the presence of one or more of the following had a pos-
Clinical and autopsy studies (1-8) suggest that a perivalvular
abscess may complicate infective endocarditis in up to 30%
of patients, and that the presence of this complication is
associated with a higher mortality and more fulminant course
than in endocarditis alone. The presence of a perivalvular
abscess is also associated with an increased rate of com-
plication with valve replacement (8-11). Perivalvular ab-
scesses occur more frequently when endocarditis affects the
aortic (1-3) or prosthetic valves (2,3), or both, and ab-
scesses often present with new onset of a regurgitant murmur
(3), pericarditis (12) or high grade atrioventricular block
(13-16). These factors may increase the index of suspicion
for the presence of an abscess. but there is currently no
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itive predictive value of 86% and a negative predictive
value of 87% for the presence of perivalvular abscess:
prosthetic valve rocking, sinus of Valsalva aneurysm,
anterior aortic root thickness of 10 mm or greater, pos-
terior aortic root thickness of 10 mm or greater or peri-
valvular density in a septum of 14 mm or greater. These
predictive values, of course, apply only to patients with
infective endocarditis going to surgery, and may assist
the surgeon in knowing whether or not to expect an
abscess. The predictive values might be expected to be
somewhat smaller if all patients with infective endocar-
ditis were studied, but the criteria may be valuable in
the management of the patient before surgery.
In 10 of the patients with documented perivalvular
abscess, no valve mass was seen on echocardiography,
but one of the fivecriteria for the diagnosis of an abscess
was present. This suggests that the sensitivity of echo-
cardiography for the detection of endocarditis itself may
be increased by attention to these criteria.
(J Am Coil Cardiol1985;5:647-53)
noninvasive technique available to suggest the diagnosis
with a high degree of sensitivity and specificity.
Two-dimensional echocardiography has previously been
shown in large series of patients to be useful in the diagnosis
of infective endocarditis (17-19). However, only scattered
reports exist of echocardiographic findings in patients with
a valve ring abscess, and most (20-23) conclude that these
findings must be infrequent. Therefore, we attempted to
assess the sensitivity and specificity of various echocardio-
graphic findings suggesting the diagnosis of perivalvular
abscess in patients with infective endocarditis to help define
criteria for making that echocardiographic diagnosis.
Methods
Study patients. The computerized echocardiography and
cardiovascular surgery data banks at Stanford University
and the cardiology files at Santa Clara Valley Medical Center
were searched from January 1977 to June 1983 and January
1982 to June 1983, respectively, to find all patients meeting
the following entry criteria:
0735-1097/85/$3.30
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Table 1. Clinical Characteristics of 46 Patients With and
Without Abscess*
"Because these patients repre sent a subset of all patients with infective
endocar ditis (those coming to surgery or autopsy), inferences regardin g
differences in incidence of clinical features between all patients with en-
docard itis with and without perivalvular abscess are not valid. Ther efore ,
probability values for differences between these two groups are not given.
Age (yr)
Native valve
Prosthet ic valve
Aort ic valve
Mitral valve
Infect ing organism
Staphylococcus aureu s
Staphylococcus epidermidis
Streptococcal species
Gram negative species
Fungal species
Other
Culture negative
Perioperative mortality
With Abscess
(n = 22)
41. 8 ± 16.1
5(23%)
17(77%)
[8(82%)
4(18 %)
5(23%)
3(14%)
1(4%)"
2(9%)
0%
2(9%)
9(4 1%)
10(46%)
Without Abscess
(n = 24)
44.4 ± 15.3
13(54%)
11(46%)
13(54%)
11(46%)
7(29%)
2(8%)
6(25%)
0%
1(4%)
0%
7(29%)
8(33%)
I . Infective endocard itis and the presence or absence of a
perivalvular abscess documented by direct inspection and
histopathologic examination at surgery or necropsy . An
abscess was defined as an area of necrosis extending
deeply into the valve anulus or into the myocardium itself
(24) .
2. Two-dimensional echocardiogram obtained within 7 days
before surgery or death . If a major change in clinical
status occurred during this time, an echocardiogram was
obtained after that change.
Fifty-four patients met these criteria; verification of the
entry criteria was confirmed by chart review for all 54 pa-
tients . Twenty-six patients were found to have a documented
perivalvular abscess and 28 patients were found not to have
an abscess. Four patients in each group were eliminated
from the study because of technically inadequate echocar-
diagrams, leaving 46 patients, 22 in the abscess group and
24 in the control group.
Echocardiography. Two-dimensional echocardio-
graphic studies (Hewlett-Packard 77020A , Toshiba SSH-
lOA. Varian V-3000 , Ekoline EKO sector or Diasonics
Table 2. Echocardiographic Characteristics of 46 Patients With and Without Abscess
With Abscess Without Abscess
AV (n = 18) MV (n = 4) Total (n = 22) AV (n = 13) MV (n = II ) Total (n = 24)
Abscess cavi ty I 0 I 0 0 0
Abnorma l echo density 14 4 18 I I 8 19
Septal thick ness (measured
below aortic valve plane )
1.0 cm 1.2 ± 0.2 0. 9 ± 0 .1 1. 1 ± 0. 2 1.0 ± 0.2 0 .9 ± 0 .2 1.0 ± 0 .2
1.5cm 1.1 ± 0 .2 1.0 ± 0.0 1.1 ± 0 .2 1.0 ± 0.2 1.0 ± 0 .2 1.0 ± 0.2
2.0 ern 1.1 ± 0 . 1 1.0 ± 0.1 1.1 :!: 0 .1 1.0 ± 0.2 1.0 :!: 0 .2 1.0 ± 0 .2
Anterior AR thickness (measured
abo ve aortic valve plane)
1.0 cm 0 .7 ± 0. 3 0.7 ± 0.2 0 .7 ± 0 .2 0 .5 ± 0 .2 0 .5 ± 0 .1 0.5 ± 0 .2
1.5 cm 0 .7 ± 0.3 0 .6 ± 0.1 0.7 ± 0.3 0 .6 ± 0.1 0 .5 ± 0. 1 0.6 ± 0.2
2.0 ern 0 .8 ± 0.3 0.6 ± 0.2 0.8 :!: 0.3 0.7 ± 0 .3 0.5 ± 0.2 0 .6 ± 0.3
Posterior AR thickness
1.0cm 0.8 ± 0.3 1.0 ± 0. 1" 0.8 ± 0.3 0.6 ± 0.2 0.5 ± 0.2 0.6 ± 0.2
1.5 em 0 .7 ± 0 .3 1.1 ± 0. 1" 0.8 ± 0 .3 0 .6 ± 0 .2 0 .5 ± 0 . 1 0 .6 ± 0 . 1
2.0 ern 0 .7 ± 0.4 0 .6 ± 0. 1 0.7 ± 0 .3 0.5 ± 0 .1 0.4 ± 0 . 1 0 .5 ± 0 . 1
Anterior AR thickne ss 0 .8 ± 0 .3 0 .7 ± 0.2 0 .7 ± 0 .3 0.7 ± 0 .2 0 .5 ± 0 . 1 0 .6 ± 0 .2
(short axis)
Leaflet thicke ning 7 3 10 10 8 18
Flail leaflet 2 0 2 2 I 3
Valve rocking 7t 0 7t 0 0 0
Sinus of Valsalva 8" 0 8" 2 I 3
aneurysm
Mitral valve preclosure 4 4 I I
Ante rior mitral leaf flutter II I I 8 8
Left atria l size 3.8 ± 0.6 4 .3 ± 0. 1 3.9 ± 0 .5 4 .0 ± 0 .6 5.0 ± 1.4 4 .5 ± 0.9
Left ventricula r size (ED) 5.6 ± 1.4 5.4 ± 0.6 5.6 ± 1.2 5.6 ± 1.2 4 .5 ± 0 .7 5.0 ± 1.0
Left ventricular size (ES) 3.9 ± 1.4 3.2 ± 0.8 3.9 ± 0 .5 3.7 ± 1.1 3. 1 ± 0.9 3.4 ± 1.0
Pericardial effusion 6 0 6 4 2 6
*p < 0 .05 versus group without abscess; t p < 0.01 versus group without abscess. AR = aortic root ; AY = aortic valve; ED = end-diastole; ES
= end-systole; MY = mitral valve.
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V3400R imaging devices) were analyzed by real time and
single frame review. M-mode examinations using the same
imaging instruments were also reviewed. Echocardiographic
examinations included the standard parasternal, apical and
subcostal transducer positions. Two-dimensional echocar-
diograms were analyzed for the following by investigators
unaware of the clinical outcome: I) the presence of an ab-
scess cavity (defined as a relatively echo-free space sur-
rounded by a rim of normal or increased echodensity); 2)
any localized abnormal echo density; 3) septal thickness
1.0, 1.5 and 2.0 em from the aortic valve plane in the
parasternal long-axis view; 4) anterior aortic root thickness
1.0, 1.5 and 2.0 em from the aortic valve plane in the
parasternal long-axis view; 5) posterior aortic root thickness
1.0, 1.5 and 2.0 em from the aortic valve plane in the
parasternal long-axis view; 6) anterior aortic root thickness
just above the aortic valve in the parasternal short-axis view;
7) thickening or erratic motion of the valve leaflet; 8) pros-
thetic valve rocking greater than 15° out of concordance
with its supporting structures; and 9) sinus of Valsalva an-
eurysm. In addition, M-mode echocardiograms were as-
sessed for the following: I) the presence of early presystolic
mitral valve closure; 2) anterior mitral leaflet or septal flut-
tering; 3) left atrial and left ventricular end-diastolic and
end-systolic dimensions; and 4) pericardial effusion.
The still-frame Polaroid pictures of the two-dimensional
images included in this report must be interpreted with the
understanding that static images of two-dimensional echo-
cardiograms only partially convey the information available
from dynamic real time echocardiography.
Electrocardiography. Standard 12 lead electrocardio-
grams, when available within 3 days of the echographic
examination, were reviewed. PR and QRS intervals were
determined in the usual manner.
Statistical methods. Statistical analyses were per-
formed using Student's t test and chi-square analysis where
appropriate for comparison of group data.
Echocardiographic characteristics. The echocardio-
graphic characteristics of patients with and without peri-
valvular abscess in both the aortic and mitral positions are
shown in Table 2 and Figure I. A typical abscess cavity
with a central echolucency was seen in only one patient.
Figure I. Data plots for patients with and without perivalvular
abscess in the mitral and aortic position for: anterior aortic wall
thickness measured 1.0 cm from the aortic valve plane in the
parasternal long-axis view(A);posterioraorticwallthickness mea-
sured 1.0 em from the aortic valve plane in the parasternal long-
axis view(B) andseptalthickness measured 1.0cm fromthe aortic
valve plane in the parasternal long-axis view (C).
Results
Myocardial abscesses were present in 22 of the 46 pa-
tients meeting the entry criteria. Abscesses were confined
to the anulus or aortic root in 13 patients and extended into
the myocardium in 9 patients.
Patient characteristics. The characteristics of patients
with and without perivalvular abscess are shown in Table
I. Abscesses were statistically more frequent in patients with
a prosthetic valve (61 versus 28%, p < 0.05), aortic valve
endocarditis (58 versus 27%, p < 0.05) and organisms other
than streptococcal species (53 versus 14%, p < 0.05). Com-
pared with patients without abscess, patients with abscess
had a somewhat higher incidence of death or need for second
valve replacement during that hospitalization, or both (63
versus 37%, respectively, p < 0.05).
c
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Figure 2. Parasternal long-axis echocardio-
graphic view (top left) and schematic diagram
(top right) in a 27 year old male drug abuser
without known antecedent cardiac disease who
presented witha 5 day historyof feverandchills.
BloodculturesgrewStaphylococcus aureus. The
patient was taken to surgery because of aortic
insufficiency and heart failure, and a large pos-
terior anular abscess was found. Note widening
of the posterior aortic root wall (arrow). The
parasternal short-axis view (bottom left) and
schematic diagram (bottom right) show sinus
of Valsalvaaneurysm (white arrow) and local-
ized thickening of the aortic anulus (black ar-
row). LA = left atrium; LV = left ventricle;
RA = right atrium.
The features that distinguished patients with perivalvular
abscess were prosthetic valve rocking and sinus of Valsalva
aneurysm (Fig. 2). With infection of the aortic valve alone,
there was a tendency for both the anterior and posterior
aortic walls to be thicker in the patients with abscess than
in those without. The aortic wall was strikingly thickened
(:::=: 10 mm) in some cases, a finding that helped identify
the presence of a perivalvular abscess (Fig . 3). With infec-
tion of the mitral valve alone, prosthetic valve rocking or
sinus of Valsalva aneurysm did not distinguish between
patients with and without abscess. However, patients with
a perimitral abscess had significantly greater posterior aortic
wall thickness than did patients without abscess (Fig. 4) .
There was no difference comparing all patients with and
without abscess in terms of septal thickness, abnormal echo
densities, leaflet thickening, flail leaflets, left ventricular or
left atrial dimension or the presence of pericardial effusion .
Proposed diagnostic criteria. The presence of one or
more of five diagnostic criteria was especially noteworthy:
I) valve rocking, 2) sinus of Valsalva aneurysm, 3) anterior
aortic root thickness of 10 mrn or greater measured 1.0 cm
from the aortic valve plane, 4) posterior aortic wall thickness
of IO mm or greater measured 1.0 cm from the aortic valve
plane, or 5) perivalvular density in a septum of 14 mm or
greater measured 1.0 ern from the aortic valve plane . Each
of these criteria was individually specific but not sensitive,
and when combined, they predicted the presence or absence
of a perivalvular abscess with a sensitivity of 86%, a spec-
ificity of 88% and a positive predictive value of 86% in the
patients with adequate cchocardiograms (Table 3). There
was no statistically significant difference in the echocardio-
graphic predictive value of these signs for aortic versus
mitral valves (84 versus 93%) or prosthetic versus non-
prosthetic valves (86 versus 88%).
Comparison with electrocardiographic findings. Al-
though the electrocardiographic finding of a prolonged PR
interval was more frequent in patients with aortic valve
abscess (47 versus 20%, p < 0.05), it was not highly sen-
sitive and was of no value in the evaluation of possible ring
abscess in the mitral position. Prolongation of the QRS
interval did not distinguish between patients with and with-
out ring abscess in either valve position . Two of the three
patients incorrectly identified by echocardiography as not
having a perivalvular abscess had PR prolongation. How-
ever, two patients without abscess also had PR prolongation.
Thus, by combining electrocardiographic and echocardio-
lACC Vol. 5, No.3
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graphic criteria, the positive predictive value decreased to
84% but the negative predictive value increased to 95%.
Discussion
Peri valvular abscess is seen in a clinically significant
minority of patients with infective endocarditis and is as-
sociated with increased morbidity and mortality (I-II). Al-
though anecdotal reports of echo-free abscess cavities (23),
widening of the walls of the anterior (20) and posterior aortic
root (21) and localized echo densities (22) have been de-
scribed with peri valvular abscess, the precise criteria for
diagnosis and the diagnostic usefulness of these findings in
the setting of infective endocarditis is not clear. Improved
Figure 4. Parasternal long-axis echo-
cardiographic view (left panel) and
schematic diagram (right panel) in a 49
year old man without known antecedent
cardiac disease who presented with a 5
week history of intermittent fever fol-
lowed by a left hemisphere cerebrovas-
cular accident. Mitral regurgitation was
heard and cultures grew Staphylococ-
cus aureus. At surgery, a vegetation was
found-on the anterior mitral valve leaflet
(closed arrow) and an anular abscess
extended into the posterior aortic root.
The open arrow denotes thickening in
the area common to the base of the an-
terior mitral leaflet and posterior aortic
wall. LA = left atrium; LV = left
ventricle.
Figure 3. Parasternal long-axis views (top) and schematic dia-
grams (bottom) in systole (left panels) and diastole (center panels)
3 months after aortic valve replacement with a bioprosthesis for
aortic stenosis in a 30 year old man who presented with fever and
aortic regurgitation. Blood cultures grew Staphylococcus aureus.
The open white arrow indicates the prosthesis, which is markedly
reoriented (rocking) during the cardiac cycle. The small arrows
indicate widening of the anterior aortic root (center panels). The
parasternal short-axis views (right panels) show concentric cir-
c1es representing the prosthesis, aortic lumen and aortic wall. There
is marked thickening of the aortic wall from approximately the 9
o'clock to the 2 o'clock position.
noninvasive criteria are needed that might allow early op-
erative intervention in patients with valve ring abscess.
-
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Table 3. Predictive Value of Echocardiographic Criteria for the
Detection of Perivalvular Abscess
Proposed diagnostic echocardiographic criteria. We
propose that the presence of one or more of the following
two-dimensional echocardiographic findings in the setting
of endocarditis strongly suggests the presence of a perival-
vular abscess: l) prosthetic valve rocking, 2) sinus of Val-
salva aneurysm, 3) anterior or posterior aortic root wall
thickness of 10 mm or greater, or 4) perivalvular density in
a septum of 14 mm or greater. In the absence of all of these
criteria, an abscess is much less likely to be present. These
criteria appeared valid for our patients with endocarditis of
the aortic valve with either native or prosthetic valve in-
volvement. Only four mitral perivalvular abscesses are in-
cluded in this series, but these criteria may be valid for the
mitral position as well. In this retrospective but blinded
series of 46 patients with endocarditis, in which 22 were
documented to have a perivalvular abscess, use of these
criteria resulted in a positive predictive value of 86% and
a negative predictive value of 87%.
Limitations of proposed criteria. Several comments
are necessary regarding the proposed criteria. Valve rocking
has been found with dehiscence of 40% or more of the
anular circumference (25). Surgical placement of a valve
prosthesis in a subanular position, especially with mitral
valve replacement, or into the mitral position in a patient
with a large left atrium or active atrioventricular groove,
may result in apparent excessive valve motion that is not
discordant with the motion of surrounding structures. This
should not suggest the presence of an associated abscess.
Sinus of Yalsalva aneurysm has been described as a con-
genital anomaly and as a consequence of endocarditis, syph-
ilitic aortitis, Marfan's disease and other connective tissue
disorders (26-29). It also may be simulated when a pros-
thetic aortic valve is placed in a subanular position, espe-
cially when the aortic root is dilated. In our series, sinus of
Valsalva aneurysm was seen in I I cases. Valve rocking was
present in 5 of these II cases, each associated with a valve
ring abscess. In two of the remaining six cases where pros-
thetic valve rocking was not seen, no abscess was present;
these accounted for two of the three false positive cases in
the series. Therefore, before suspecting an abscess on the
Prosthetic valve rocking
Anterior aortic root wall ~ 10 mm
Localized echo density in septum
~14mm
Posterior aortic root wall ~ 10 mm
Sinus of Valsalva aneurysm
Presence of one or more criteria
Positive
Predictive
Value (%)
100
100
100
86
72
86
Negative
Predictive
Value (%)
62
62
57
72
60
87
basis of an enlarged sinus of Valsalva alone, the position
of the valve with respect to the anulus should be noted and,
if possible, the size of the sinus should be compared with
immediate postoperative echocardiograms.
Widening a/the ascending aortic wall has been described
in aortic dissection (29,30), severe atherosclerosis (31) and
in imaging directly through the fibrous aortic ring (32). It
also may be mimicked by off-axis imaging of the aorta. We
have seen aortic wall thickening in a patient with syphilitic
aortitis, and have noted increased density and thickness as
great as 8 mm in the first week after aortic or mitral valve
replacement. In our series, optimal predictive value was
obtained by measuring anterior and posterior aortic wall
thickness at a point 1.0 cm above the aortic valve plane in
the long-axis parasternal view. Measurements closer to the
valve were sometimes confounded by beam width artifacts
originating from the aortic ring or prosthetic valve itself,
and measurements made higher were not as sensitive for
perivalvular abscess. This is primarily because of the usual
proximity of the abscess to the valve ring, and secondarily
because of difficulty in imaging this area.
Increased density in a thickened septum (2=14 mm) was
seen in three patients, each with an abscess burrowing into
the septum. However, an apparent increase in septal density
adjacent to a prosthetic valve was common, especially in
the parasternal short-axis view, probably because of beam
width artifact or fibrosis near the intensely reflective sewing
ring. In these cases, the septum was usually not thickened
and, thus, it appears that a septal abscess should not be
suspected unless there is an increase in both septal density
and thickness.
This concern about false positive echocardiographic find-
ings makes it clear, as would be expected from Bayesian
theory, that these criteria should only be applied in the
proper clinical setting, that is, with patients having a high
likelihood of infective endocarditis. The predictive values
noted apply only to patients with infective endocarditis going
to surgery, and may assist the surgeon in knowing whether
or not to expect an abscess. The predictive values might be
expected to be somewhat smaller if all patients with infective
endocarditis were studied, but the criteria may be valuable
in the management of the patient before surgery.
Additional diagnostic utility of proposed criteria. The
finding of a valve mass suggestive of endocarditis (17-20)
was noted in 28 (61%) of the 46 patients in our series. Ten
patients without leaflet thickening or a distinct mass had
findings suggestive of perivalvular ring abscess, however,
implying that the sensitivity of echocardiography for the
detection of endocarditis itself can be increased by attention
to findings suggestive of abscess. The importance of these
corroborative findings in making the diagnosis of endocar-
ditis in patients with a porcine heterograft, where valve
degeneration may mimic vegetation (25), becomes even
more significant.
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Summary. We have presented five criteria for the echo-
cardiographic diagnosis of perivalvular abscess, the pres-
ence of one or more of which has a positive predictive value
of 86% and a negative predictive value of 87% in this
retrospective but blinded study. These results apply only in
the clinical setting of endocarditis and need to be verified
in a prospective study.
References
I. Arnett EN, Roberts We. Prosthetic valve endocarditis. Clinicopath-
ologic analysis of 22 necropsy patients with comparison of observa-
tions in 74 necropsy patients with active endocarditis involving natural
left-sided cardiac valves. Am J Cardiol 1976;38:281-92.
2. Buchbinder NA, Roberts WC. Left-sided valvular active infective
endocarditis. A study of forty-five necropsy patients. Am J Med
1972;53:20-35.
3. Arnett EN, Roberts WC. Ring abscess in active endocarditis: fre-
quency, location and clues to clinical diagnosis from the study of 95
necropsy patients. Circulation 1976;54:140-5.
4. Wilson W, Danielson C, Giuliani E, et al. Valve replacement in
patients with active endocarditis. Circulation 1978;58:585-8.
5. Griffin F, Jones G, Cobbs e. Aortic insufficiency in bacterial endo-
carditis. Ann Intern Med 1972;76:23-8.
6. Dinubile MJ. Surgery in active endocarditis. Ann Intern Med
1982;96:650-9.
7. Katz D, Cooper JA, Frieden J. Bacterial endocarditis presenting as
complete heart block with paradoxical (left to right) pulmonary emboli.
Am Heart J 1973;85:108-12.
8. Mildvan D, Goldberg E, Berger M, Altchek M, Lukban S. Diagnosis
and management of septal myocardial abscess: a complication of bac-
terial endocarditis. Am J Med Sci 1977;274:311-9.
9. Buckley MJ, Mundth ED, Dagget WM, Austen WG. Surgical man-
agement of the complications of sepsis involving the aortic valve,
aortic root and ascending aorta. Ann Thorac Surg 1971;12:391-9.
10. Crosby JK, Carrell R, Reed WA. Operative management of valvular
complications of bacterial endocarditis. J Thorac Cardiovasc Surg
1972;64:235-46.
II. Stinson EB. Surgical treatment of infectious endocarditis. Prog Car-
diovasc Dis 1979;22:145-68.
12. Utley JR, Mills J. Annular erosion and pericarditis. Complications of
endocarditis of the aortic root. J Thorac Cardiovasc Surg 1972;64:76-81.
13. Roberts NK, Sommerville J. Pathologic significance of electrocardio-
graphic changes in aortic valve endocarditis. Br Heart J 1969;31:395-6.
14. Meshel Je, Wachtel HL, Graham J. Bacterial endocarditis presenting
as heart block. Am J Med 1970;48:254-5.
15. Kleid JJ, Kim ES, Brand B, Eckles S, Gordon GM. Heart block
complicating bacterial endocarditis. Chest 1972;61:301-3.
16. Wang K, Goberl F, Gleason DF, Edwards JE. Complete heart block
complicating bacterial endocarditis. Circulation 1972;46:939-47.
17. Wann LS, Dillon JC, Weyman AE, Feigenbaum H. Echocardiography
in bacterial endocarditis. N Engl J Med 1976;295:135-9.
18. Martin RP, Meltzer RS, Chia BL, Stinson EB, Rakowski H, Popp
RL. Clinical utility of two-dimensional echocardiography in infective
endocarditis. Am J Cardiol 1980;46:379-85.
19. Miller MH, Casey 11. Infective endocarditis: new diagnostic tech-
niques. Am Heart J 1978;96:123-8.
20. Fox S, Kotler MN, Segal BL, Parry W. Echocardiographic diagnosis
of acute aortic valve endocarditis and its complications. Arch Intern
Med 1977;137:85-9.
21. Mardelli TJ, Ogawa S, Hubbbard FE, Driefus LS, Meixell LL. Cross-
sectional echocardiographic detection of aortic ring abscess in bacterial
endocarditis. Chest 1978;74:576-8.
22. Nakamura K, Suzuki S, Satomi G, Hayashi H, Hirosawa K. Detection
of mitral ring abscess by two-dimensional echocardiography. Circu-
lation 1982;65:816-9.
23. Scanlan JG, Seward 18, Tajik AJ. Valve ring abscess in infective
endocarditis. Visualization with wide angle two-dimensional echo-
cardiography. Am J Cardiol 1982;49:1794-800.
24. Hudson RE. Cardiovascular Pathology, vol. 2. London: Arnold,
1965:1202-8.
25. Effron MK, Popp RL. Two-dimensional echocardiographic assess-
ment of bioprosthetic valve dysfunction and infective endocarditis.
J Am Coli Cardiol 1983;2:597-606.
26. Fishbein MC, Obena R, Roberts We. Unruptured sinus of Valsalva
aneurysm. Am J Cardiol 1975;35:918-22.
27. Kwittken J, Christopoulos P, Dua NK, Bruno MS. Congenital and
acquired aortic sinus aneurysm. Arch Intern Med 1965;115:684-91.
28. Lemon DK, White CWo Anuloaortic ectasia: angiographic, hemo-
dynamic, and clinical comparison with aortic insufficiency. Am J
Cardiol 1978;41:482-6.
29. Hirst AE, Gore I. Marfan syndrome. A review. Prog Cardiovasc Dis
1973;16:187-98.
30. Nanda NC, Gramiak R, Shah PM. Diagnosis of aortic root dissection
by echocardiography. Circulation 1973;43:506-13.
31. Kreuger SK, Starke H, Forker AD, Eliot RS. Echocardiographic mim-
ics of aortic root dissection. Chest 1975;67:441-4.
32. Brown OR, Popp RL, Kloster FE. Echocardiographic criteria for aortic
root dissection. Am J Cardiol 1975;36:17-20.
